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Abstract 

Background: Hepatitis C virus (HCV) infection is associated with the development of cirrhosis and hepatocellular carcinoma 
and is also related to fatty change of the liver. Variation in patatin-like phospholipase domain-containing 3 (PNPLA3) gene is 
associated with disease progression in nonalcoholic fatty liver disease (NAFLD). Recent reports have suggested that PNPLA3, 
IL28B and TLR4-associated single nucleotide polymorphisms (SNPs) may have an impact on hepatic steatosis or fibrosis in 
patients with chronic HCV infection. 

Methods and Findings: Four SNPs (PNPLA3 rs738409, TLR4 rs4986790, TLR4 rs4986791, IL28B rs8099917) were identified in 
Japanese patients infected with HCV. We examined the association between the distribution of these SNP alleles and fatty 
change of the liver or existence of hepatic cirrhosis diagnosed by ultrasonography, one of the widely accessible and easy-to- 
use methods. PNPLA3 rs738409 G-allele and IL28B rs 8099917 minor allele were found in 70.0% and 31.1%, respectively. 
These two TLR4 SNPs were uniform in Japanese. Fatty change of the liver developed independent of the abscence of 
hepatic cirrhosis on sonographic findings and younger age. Hepatic cirrhosis was associated with a higher aspartate 
aminotransferase/platelet ratio index (APRI), no fatty change of the liver, higher BMI and higher AFP levels. No association 
between PNPLA3 rs738409/IL28B rs8099917 genotypes and hepatic steatosis or liver fibrosis was observed. 

Conclusions: According to ultrasound examinations, no association between PNPLA3 rs738409 genotype and fatty change 
of the liver or hepatic cirrhosis was found in Japanese patients infected with HCV. Together, our results suggested that the 
mechanism of hepatic steatosis underlying HCV infection might differ from that of NAFLD and should be explored. 
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Introduction 

It is estimated that hepatitis C virus (HCV) infection affects 
approximately 170 million people worldwide [1,2]. Chronic 
hepatitis C infection is associated with the development of cirrhosis 
and hepatocellular carcinoma [3,4]. The association of steatosis 
with chronic hepatitis C has been well described and has shown to 
occur in up to 66% of cases [5,6] . Steatosis accelerates activities and 
progression of chronic hepatitis C and is independently associated 
with stage III/IV hepatic fibrosis [5]. Overall sustained virological 
response to treatment in HCV-infected patients with steatosis is also 
considerably lower than in those without steatosis [6] . 

Studies of the mechanism of steatosis in chronic hepatitis C are 
limited. It was reported that HCV core protein induced hepatic 
steatosis in transgenic mice [7]. Nishina et al. [8] observed fat 
accumulation in the liver in transgenic mice expressing HCV 



polyprotein and reported that iron-induced unfolded protein 
response appeared to be one of the mechanisms responsible for 
hepatic steatosis in HCV infection. HCV particles were observed 
in close proximity to lipid droplets, an organelle used for the 
storage of neutral lipids that moves dynamically through the 
cytoplasm, interacting with other organelles, including the 
endoplasmic reticulum [9]. These findings indicate that some 
steps of HCV assembly take place around lipid droplets [9], 
suggestng that this might be possible mechanism for HCV directly 
inducing hepatic steatosis. 

Patatin-like phospholipase domain-containing 3 (PNPLA3), 
which encodes a 481 amino acid protein, is a triacylglycerol 
lipase conserved from potatoes to humans with 10-fold higher 
expression in liver compared to adipose tissue [10]. Variation in 
PNPLA3 gene contributes to ethnic and inter-individual differ- 
ences in hepatic fat content and susceptibility to nonalcoholic fatty 
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liver disease (NAFLD) [11]. It was reported that the minor allele of 
rs738409 C/G, a nonsynonymous coding single nucleotide 
polymorphism (SNP) in the PNPLA3 gene encoding I148M 
change, was associated with steatosis, portal inflammation, lobular 
inflammation, Mallory-Denk bodies, NAFLD activity score (NAS) 
and fibrosis [12]. The minor allele of rs738409 C/G is also 
strongly associated with hepatic fat content and with elevated 
serum levels of ALT and AST [11—15]. 

Toll-like receptor 4 (TLR4) is a receptor for bacterial lipopoly- 
saccharide (LPS), which is suggested to be involved in the 
pathogenesis of hepatobiliary diseases [16-18]. It was reported that 
the minor allele of rs4986791 C.11960T, a nonsynonymous 
coding SNP in the TLR4 gene encoding T399I change, emerged as 
conferring protection against fibrosis progression compared to a 
major, wild-type (WT) CC allele, along with another highly 
consegregated SNP (rs4986790, c.896A>G) located at codon 
position 299 (p.D299G) [19]. These TLR4 SNPs have been related 
to a blunted response to LPS and to susceptibility to infectious 
diseases and sepsis [20,21], and they are associated with protection 
against hepatic fibrosis, reduce TLR4-mediated inflammatory and 
fibrogenic signaling, and lower the apoptotic threshold of activated 
hepatic stellate cells [22]. TLR4 SNPs also modulate the risk of liver 
fibrosis in Caucasians with chronic hepatitis C infection [23]. 

There were several reports that SNP located upstream of the 
interleukin-28B (IL28B) gene (rs8099917) was associated with the 
response to peginterferon-alpa plus ribavirin therapy in chronic 
hepatitis C patients [24,25]. Although the data remain contradic- 
tory, associations of IL28B genotype (rsl 2979860) with hepatic 
steatosis and liver fibrosis were reported in previous studies [26,27]. 

Therefore, we genotyped four SNPs (PNPLA3 rs738409, 
TLR4 rs4986790, TLR4 rs4986791 and IL28B rs8099917) in 
Japanese patients infected with HCV. We also compared the 
distribution of these SNP alleles with fatty change of the liver on 
ultrasonography (US) of those patients. In addition, we examined 
the association between the distribution of these SNP alleles and 
the existence of hepatic cirrhosis diagnosed by US in those 
patients. Our results suggest that the distribution of these SNP 
alleles does not have any significant impact on fatty change of 
the liver or the existence of cirrhosis revealed by US in Japanese 
patients with chronic hepatitis C. 

Results 

Baseline characteristics 

Two hundred and sixty patients infected with HCV were 
enrolled in this study. Baseline characteristics of the patients are 
shown in Table 1 . All patients were Japanese had a median age of 
55.6 years, and 137 (52.7%) were male. Mean body mass index 
(BMI) was 23.1 kg/m 2 , with 45 and 9 of these patients classified as 
overweight (25.0-29.9 kg/m 2 ) and obese (&30 kg/m 2 ), respec- 
tively. Only one patient with HCV genotype 3 was included. US 
revealed fatty change of the liver and hepatic cirrhosis in 127 
(47.6%) and 37 (14.2%), respectively. 

Genotype frequencies of SNPs in PNPLA3, IL28B and TLR4 
genes 

Genotype frequencies of PNPLA3 rs7 38409 and IL28B 
rs8099917 genotypes among the patients are shown in Figure 1. 
Among the 260 total patients, 182 (70.0%) and 81 (31.1%) had 
PNPLA3 rs738409 G-aUele and IL28B rs 8099917 G-allele, 
respectively. All patients were AA genotype of TLR4 rs4986790 
and CC genotype of TLR4 rs4986791. These results indicated 
that the Japanese patients in the present study had uniform 
distribution of these two TLR4 SNPs. 



Table 1. Baseline characteristics of the 260 patients infected 
with HCV. 





Age (years) 


55.6±11.4 


Gender (male/female) 


137/123 


Body mass index (kg/m 2 ) 


23.1 ±3.58 


HCV genotype (1 /others) 


192/68 


HCV RNA levels (high/low) 


235/25 


ALT (IU/L) 


69.6±67.2 


y-GTP (IU/L) 


49.3 ±52.7 


Platelet counts (x10 4 /|.iL) 


16.9±5.3 


Total cholesterol (mg/dL) 


175±30.1 


AFP (ng/mL) 


8.9 ±14.8 


APRI 


1.07±0.98 


Fatty liver, yes/no 


124/118 


Cirrhosis, yes/no 


37/223 



Data are presented as mean ± standard deviation. HCV RNA levels, high: >5 
loglU/mL; HCV RNA levels, low: <5 loglU/mL; ALT, alanine aminotransferase; y- 
GTP, gamma-glutamyl transpeptidase; APRI, aspartate aminotransferase/ 
platelet ratio index: AST (IU/L)/35/PLT (10 3 /uL) xlOO; fatty liver and hepatic 
cirrhosis were diagnosed by ultrasonography. 
doi:1 0.1 371/journal.pone.0081 31 2.t001 

No association between PNPLA3 rs738409 genotype and 
fatty change of the liver or existence of hepatic cirrhosis 
diagnosed by US 

Clinical characteristics of the patients in the present study were 
compared between the PNPLA3 rs738409 G-allele and non-G 
allele groups (Table 2). There were no significant differences 
between the two groups, although HCV RNA levels tended to be 
higher in the PNPLA3 rs738409 G-allele group than in the non-G 
allele group. US showed similar fatty change of the liver in the two 
groups as well as similar distribution of patients with advanced 
fibrosis in the present study (Table 2). 

No association between IL28B rs8099917 genotype and 
fatty change of the liver or existence of hepatic cirrhosis 
diagnosed by US 

The patient characteristics of those with IL28B rs809917 
genotype are shown in Table 3. y-GTP levels were higher in the 
IL28B rs809917 minor allele (TG or GG) group than in the 
major allele (TT) group. However, the present study did not 



PNPLA3 rs738409 IL28B rs8099917 

55(21.2%) 77(29.6%) 4(1.5%) 




127(48.8%) 179(68.8%) 



Figure 1. Distribution of single-nucleotide polymorphisms 
(SNPs) in patatin-like phospholipase domain-containing 3 
(PNPLA3) and interleukin-28B (IL28B) genes in 260 HCV- 
infected patients. 

doi:1 0.1 371/joumal.pone.0081 31 2.g001 
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Table 2. Patient characteristics according to PNPLA3 rs738409 genotype. 



Characteristics 


G allele (n = 182) 


Non-G allele (n = 78) 


P-value* 


Age (years) 


55.7±11.4 


55.4±1 1.3 


0.845 


Gender (male/female) 


94/88 


43/35 


0.704 


Body mass index (kg/m 2 ) 


23.06±3.4 


23.3±3.9 


0.678 


HCV genotype (1 /others} 


1 30/52 


62/16 


0.229 


HCV RNA levels (high/low) 


168/14 


67/11 


0.168 


IL28B rs8099917 (TT/TG+GG) 


125/57 


54/24 


0.953 


ALT (IU/L) 


71.0±67.6 


66.6±66.7 


0.629 


y-GTP (IU/L) 


5 1.0 ±54.8 


45.2±47.7 


0.417 


Platelet counts (x10 4 /uL) 


17.3±9.1 


17.4±5.5 


0.928 


Total cholesterol (mg/dL) 


175 ±29.5 


175±31.6 


1.000 


AFP (ng/mL) 


9.72 ±16.9 


7.39 ±8.56 


0.249 


APRI 


1.11 ±1.04 


0.99 ±0.84 


0.368 


Fatty liver, yes/no 


86/96 


38/40 


0.935 


Cirrhosis, yes/no 


25/157 


12/66 


0.876 



Data are presented as mean ± standard deviation. *P-value, between two groups with and without PNPLA3 rs738409 G allele by Student's t-test or chi-square test; HCV 
RNA levels, high: >5 loglU/mL; HCV RNA levels, low: <5 loglU/mL; ALT, alanine aminotransferase; y-GTP, gamma-glutamyl transpeptidase; APRI, aspartate 
aminotransferase/platelet ratio index: AST (IU/D/35/PLT (10 3 /ul) xlOO; fatty liver and hepatic cirrhosis were diagnosed by ultrasonography. 
doi:1 0.1 371/journal.pone.0081 31 2.t002 



show any association between IL28B rs809917 genotype and 
fatty change of the liver or the existence of hepatic cirrhosis 
based on US findings. 

Comparison of patient characteristics with and without 
fatty change of the liver 

The patient characteristics with and without fatty change of the 
liver based on US finding results are shown in Table 4. By 
univariate analysis, younger age (P<0.01), higher BMI (P<0.01), 
and a lower proportion of cirrhotic patients (P<0.01) were 
observed in patients with fatty change of the liver. Factors 
significandy associated with fatty change of the liver by univariate 
analysis were analyzed by multivariate logistic regression analysis 
again (Table 5). Fatty change of the liver was attained independent 
of the abscence of hepatic cirrhosis on US findings and age 
£58 years. 

Comparison of patient characteristics with and without 
hepatic cirrhosis 

The patient characteristics with and without hepatic cirrhosis 
according to US findings are shown in Table 6. By univariate 
analysis, higher BMI (P = 0.016), higher y-GTP (P<0.01), lower 
platelet count (P = 0.046), lower total cholesterol (P = 0.013), 
higher AFP (P<0.01), higher aspartate aminotransferase/platelet 
ratio index (APRI) (P<0.01) and a lower proportion of fatty 
change of the liver (P<0.01) were observed in patients with 
hepatic cirrhosis. By multivariate logistic regression analysis, 
hepatic cirrhosis was attained independent of higher APRI, no 
fatty change of the liver on US findings, higher BMI and higher 
AFP levels (Table 7). 



Table 3. Patient characteristics according to IL28B rs8099917 
genotype. 



Characteristics 


TT (n = 179) 


TG or GG 
(n = 81) 


P-value* 


Age (years) 


56.1 ±11.4 


54.5 ±11.4 


0.295 


Gender (male/female) 


97/82 


40/41 


0.558 


Body mass index (kg/m 2 ) 


22.8±3.5 


23.6±3.7 


0.094 


HCV genotype (1 /others) 


127/52 


65/16 


0.153 


HCV RNA levels (high/low) 


162/17 


73/8 


0.895 


PNPLA3 rs738409 
(GG+GC/CC) 


125/54 


57/24 


0.953 


ALT (IU/L) 


68.7 ±70.3 


71.6±60.1 


0.747 


y-GTP (IU/L) 


43.0±39.9 


63.4±72.1 


-C0.01 


Platelet counts (x10 4 /uL) 


20.1 ±25.2 


16.9±5.7 


0.260 


Total cholesterol (mg/dL) 


177±31.1 


172±27.7 


0.215 


AFP (ng/mL) 


8.18±15.8 


11.0±11.8 


0.152 


APRI 


1.03 ±0.97 


1.16±1.01 


0.324 


Fatty liver, yes/no 


82/97 


42/39 


0.441 


Cirrhosis, yes/no 


23/156 


14/67 


0.449 



Data are presented as mean ± standard deviation. *P-value, between two 
groups with IL28B rs809991 7 TT and with TG/GG by Student's t-test or chi- 
square test; HCV RNA levels, high: >5 loglU/mL; HCV RNA levels, low: <5 loglU/ 
mL; ALT, alanine aminotransferase; y-GTP, gamma-glutamyl transpeptidase; 
APRI, aspartate aminotransferase/platelet ratio index: AST (IU/L)/35/PLT (1 0 3 /nL) 
x100; fatty liver and hepatic cirrhosis were diagnosed by ultrasonography. 
doi:1 0.1 371/joumal.pone.0081 31 2.t003 



Discussion 

In the present study, we used abdominal US to evaluate fatty 
change of the liver and the existence of hepatic cirrhosis in 
Japanese patients with chronic hepatitis C. Despite our study 
population being relatively small, PNPLA3 rs7 38409 and IL28B 



rs80999 1 7 genotypes seemed to have no association with fatty liver 
or the presence of hepatic cirrhosis although TLR4 rs4986790 and 
rs498679 1 genotypes were uniform in the patients of the present 
study. 
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Table 4. Comparison of patient characteristics with or 
without fatty change of the liver. 



Characteristics 


Fatty liver (+) 


Fatty liver (— ) 


P-value* 


Number 


124 


136 




Age (years) 


52.7±11.6 


58.2±10.6 


<0.01 


Gender (male/female) 


62/62 


75/61 


0.480 


Body mass index (kg/m 2 ) 


24.0 ±3. 8 


22.3±3.2 


<0.01 


HCV genotype (1/others) 


87/37 


105/21 


0.250 


HCV RNA levels 
(high/low) 


110/14 


125/11 


0.500 


ALT (IU/L) 


75.6±80.4 


64.2 ±52.3 


0.172 


y-GTP (IU/L) 


53.6±53.7 


45.3+51.7 


0.205 


Platelet counts (x10 4 /uL) 


19.4±20.1 


18.8±22.3 


0.820 


Total cholesterol (mg/dL) 


176±30.5 


174±29.9 


0.650 


AFP (ng/mL) 


9.1 ±14.3 


8.89±15.2 


0.908 


APRI 


1.02±0.96 


1.12 + 1.00 


0.908 


Cirrhosis, yes/no 


9/115 


28/108 


<0.01 



Data are presented as mean ± standard deviation. *P-value, between two 
groups with and without fatty liver by Student's t-test or chi-square test; HCV 
RNA levels, high: >5 loglU/mL; HCV RNA levels, low: <5 loglU/mL; ALT, alanine 
aminotransferase; y-GTP, gamma-glutamyl transpeptidase; APRI, aspartate 
aminotransferase/platelet ratio index: AST (IU/LJ/35/PLT (10 3 /nD xlOO; fatty 
liver and hepatic cirrhosis were diagnosed by ultrasonography. 
doi:1 0.1 371/journal.pone.0081 31 2.t004 

Hepatic steatosis is frequently observed in chronic hepatitis C 
patients (42-73%) [28] and is influenced by several factors, such as 
alcohol comsumption, age, BMI, obesity, hyperglycemia, diabetes 
mellitus and HCV genotype 3 [29]. Hepatic steatosis in chronic 
hepatitis C patients is associated with more severe liver damage, 
more advanced liver fibrosis [30], and poor response to 
peginterferon-alpha plus ribavirin treatment [31,32]. Despite the 
majority of our study patients being HCV genotype 1 or 2, fatty 
change of the liver was associated with younger age and absence of 
hepatic cirrhosis (Table 5). 

It had been reported that PNPLA3 rs738409 was associated 
with hepatic steatosis and steatohepatitis in NAFLD [1 1,33]. The 
GG genotype was shown to be related to a greater risk of 
inflammation and cirrhosis. Japanese studies [34—36] also showed 
similar results. Kitamoto et al. [36] demonstrated that Matteoni 
type4 NAFLD is both a genetically and clinically different subset 
from the other spectrums of the disease and that the PNPLA3 
gene is strongly associated with the progression of nonalcoholic 
steatohepatitis (NASH) in Japanese, whose BMI is lower than 
that of the United States and European countries [37-39]. 

In chronic hepatitis C patients, several studies suggested that 
PNPLA3 genotype influences hepatic steatosis and liver fibrosis 
[40,41]. However, our results showed no association between 
PNPLA3 rs738409 and hepatic steatosis or liver fibrosis. It is 
possible that the different evaluation methods, such as US and 
liver biopsy, and different ethnicity or different distribution of 
PNPLA3 rs7 38409 genotypes might have different association 
with hepatic steatosis and liver fibrosis in Japanese patients with 
chronic hepatitis C. We also could not completely rule out the 
possibility that there exist different mechanisms of hepatic steatosis 
and liver fibrosis between NAFLD and hepatitis C [7-9]. Further 
studies will be needed regarding this point. 

In contrast to previous studies [26,27], IL28B rs8099917 also 
did not influence hepatic steatosis and liver fibrosis in the present 



Table 5. Factors associated with fatty change of the liver by 
multivariate analysis. 







Factor 


Category 


Odds ratio 


95% CI 


P-value 


Age (years) 


58==/<58 


0.523 


0.315-0.862 


0.012 


Cirrhosis 


yes/no 


0.328 


0.146-0.734 


0.006 



Hepatic cirrhosis was diagnosed by ultrasonography. 
doi:10.1371/journal.pone.0081312.t005 



Japanese study. US is a widely accessible and easy-to-use 
diagnostic imaging modality suitable for the qualitative assessment 
of diffuse liver disease in clinical daily practice [42]. Clinically, 
steatosis or fatty liver appears as a brighter image relative to the 
adjacent kidney or spleen and shows greater attenuation in severe 
cases, often obscuring the hepatic and portal vein walls [42] . The 
difference in results between the previous studies and ours might 
be ascribed to the methods used for the diagnosis of fatty liver and 
hepatic cirrhosis [43]. Although liver biopsy remains a standard 
method of diagnosis of diffuse liver disease, it is certainly an 
invasive technique compared to US. In the near future, transient 
elastography will be useful for the evaluation of hepatic fibrosis in 
chronic hepatitis C patients with hepatic steatosis. However, at 
present, it should be interpreted cautiously in NAFLD patients, 
where host- or disease-related factors may modify its accuracy 
[44]. 

Hepatocellular carcinoma is a documented complication in an 
unknown percentage of cases of NASH cirrhosis [45] . Yoshioka 
et al. [46] reported that the noncancerous liver showed burn-out 
NASH; steatosis, necroinflammation, ballooning degeneration, 
and Mallory bodies had all disappeared at the autopsy of an HCC 
case with NASH cirrhosis. Of interest, our present study also 
demonstrated the association between fatty change of the liver and 



Table 6. Comparison of patient characteristics with or 
without hepatic cirrhosis. 



Characteristics 


Cirrhosis (+) 


Cirrhosis (— ) 


P-value* 


Number 


37 


233 




Age (years) 


58.9±10.6 


55.0±11.4 


0.052 


Gender (male/female) 


22/15 


115/108 


0.476 


Body mass index (kg/m 2 ) 


24.3±2.9 


22.8±3.6 


0.016 


HCV genotype (1/others) 


31/6 


145/78 


0.038 


HCV RNA levels 
(high/low) 


32/5 


203/20 


0.570 


ALT (IU/L) 


81.2±46.9 


67.6±70.0 


0.255 


y-GTP (IU/L) 


86.7±101.0 


42.7±35.2 


<0.01 


Platelet count (x10 4 /uL) 


12.7±5.4 


20.2±22.7 


0.046 


Total cholesterol (mg/dL) 


164±26.6 


177±30.3 


0.013 


AFP (ng/mL) 


15.6±14.6 


7.92 ±14.6 


<0.01 


APRI 


1.78±1.02 


0.96±0.93 


<0.01 


Fatty liver, yes/no 


9/28 


1 1 5/1 08 


<0.01 



Data are presented as mean ± standard deviation. *P-value, between two 
groups with and without hepatic cirrhosis by Student's t-test or chi-square test; 
HCV RNA levels, high: >5 loglU/mL; HCV RNA levels, low: <5 loglU/mL; ALT, 
alanine aminotransferase; y-GTP, gamma-glutamyl transpeptidase; APRI, 
aspartate aminotransferase/platelet ratio index: AST (IU/LJ/35/PLT (10 3 /uL) 
x100; fatty liver and hepatic cirrhosis were diagnosed by ultrasonography. 
doi:1 0.1 371/journal.pone.0081 31 2.t006 
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Table 7. Factors associated with hepatic cirrhosis by 



multivariate 


analysis. 










Factor 


Category 


Odds ratio 


95% CI 


P-value 


AFP (ng/rtiL) 


6</<6 


2.394 


1.018-5.631 


0.045 


Body mass 
index (kg/m 2 ) 


23.5==/<23.5 


2.665 


1.164-6.099 


0.022 


Fatty liver 


yes/no 


0.201 


0.080-0.503 


<0.01 


APRI 


1£/<1 


9.035 


3.339-24.44 


<0.01 



APRI, aspartate aminotransferase/platelet ratio index: AST (IU/D/35/PLT (1 0 3 /uL) 
x100; fatty liver was diagnosed by ultrasonography. 
doi:1 0.1 371/journal.pone.0081 31 2.t007 



no advanced fibrosis in Japanese patients with chronic hepatitis C. 

In conclusion, the present study demonstrated that there was no 
association between PNPLA3 rs738409 genotype/IL28B 
rs8099917 genotype and hepatic steatosis or liver fibrosis in 
Japanese patients infected with HCV, although the results of our 
study were based on US findings. We found that fatty change of 
the liver was associated with patient age and liver fibrosis. 
Additionally, hepatic cirrhosis was also associated with higher 
APRI, no fatty change of the liver, higher BMI and higher AFP 
levels. Greater accuracy of non-invasive methods for the diagnosis 
of patients might be desired to enable further analysis. Together, 
our results suggest that the mechanism that exists in hepatic 
steatosis of HCV infection might differ from that of NAFLD, and 
additional study will be needed to further explore these 
mechanisms. 

Materials and Methods 

Patients 

A total of 260 patients with chronic hepatitis C were 
consecutively recruited for the present study at Chiba University 
School of Medicine Hospital, Chiba, Japan, between February 
2010 and January 2013. The study protocol was approved by the 
Ethics Committee of Chiba University School of Medicine 
(permission numbers 244, 374 and 1462) and conformed to the 
ethical guidelines of the Helsinki Declaration. Written informed 
consent was obtained from all patients. 

HCV genotyping 

HCV genotype was determined using the antibody-based 
HCV serotyping assay reported by Tsukiyama-Kohara et al. 
[47]. In Japan, more than 98% of HCV genotype 1 belongs to 
HCV subgenotype lb [48,49], according to Simmonds' classifi- 
cation [50]. 

HCV RNA quantification 

The HCV RNA level was determined using Amplicor HCV 
monitor assay, version 2.0 (Roche Diagnostics, Tokyo, Japan), or 

References 

1. Lavanchy D (201 1) Evolving epidemiology of hepatitis C virus. Clin Microbiol 
Infect 17: 107-115. doi: 10.1 1 1 1 /j . 1469-069 1 .20 10.03432.x. PubMcd: 
21091831. 

2. Bacon BR, Khalid O (2011) New therapies for hepatitis C virus infection. MO 
Med 108: 255-259. PubMed: 21905441. 

3. Saito I, Miyamura T, Ohbayashi A, Harada H, Katayama T, et al. (1990) 
Hepatitis C virus infection is associated with the development of hepatocellular 
carcinoma. Proc Natl Acad Set U S A 87: 6547-6549. PubMed: 2168552. 

4. Di Biseeglic AM (1997) Hepatitis C and hepatocellular carcinoma. Hepatology 
26(3 Suppl 1): 34S-38S. PubMcd: 9305661. 



the COBAS TaqMan HCV test (Roche). We defined HCV RNA 
&5 log IU/mL and <5 log IU/mL as high and low viral titers, 
respectively. 

Characterization of SNPs 

To prepare DNA samples from blood cells, we used DNA 
Extract All Lysis Reagents (Applied Biosystems Inc., Foster City, 
CA, USA). A specific TaqMan genotyping assay was performed 
for PNPLA3 rs738409, IL28B rs8099917, TLR4 rs4986790, or 
TLR4 rs4989791. All TaqMan probes were purchased from 
Applied Biosystems. PCR was performed with TaqMan 
GTXpress Master Mix (Applied Biosystems) according to the 
manufacturer's protocol. PCR conditions were as follows: 95°C 
for 20 seconds, followed by 40 cycles at 95 °C for 3 seconds and 
60°C for 20 seconds. Fluorescent signals were evaluated using 
the ABI Step One real-time PCR system (Applied Biosystems) 
[51,52]. 

In the present study, PNPLA3 rs738409 GG/CG or CC allele 
was analyzed as G allele or non-G allele, respectively, and IL28B 
rs8099917 TT or TG/GG was also analyzed as major allele or 
minor allele, respectively. 

Hepatic fibrosis score 

APRI: AST (IU/L)/35/PLT (10 : 7uL) xlOO, was evaluated as 
hepatic fibrosis score [53]. 

Ultrasound findings of fatty change of the liver and 
hepatic cirrhosis 

We carried out transabdominal US for evaluation of fatty liver 
and cirrhosis at least twice when ruling out hepatocellular 
carcinoma [42,43]. For hepatitis C patients, abdominal US was 
routinely performed every 4—6 moths in Japan. Fatty liver was 
diagnosed when seeing at least one of the following: (1) diffuse 
enhancement of echoic levels in the liver, (2) hepato-renal contrast, 
(3) gradual attenuation of echoic levels in the liver, (4) unclear 
display of hepatic blood vessels. Cirrhosis was diagnosed when all 
of the following criteria were observed: (1) round blunt border of 
the liver, (2) surface irregularity, (3) rough echoic appearance in 
the parenchyma of the liver, with or without splenomegaly or 
collateral vessels. 

Statistical analysis 

Data are expressed as mean ± standard deviation (SD). 
Differences were evaluated by Student's t-test or chi-square test. 
P<0.05 was considered statistically significant. 

Author Contributions 

Conceived and designed the experiments: MN TK. Performed the 
experiments: MN TK SN TM. Analyzed the data: MN TK SN TM XJ 
SW. Contributed reagents/materials/analysis tools: MN TK SN TM XJ 
SW OY. Wrote the paper: MN TK. 



5. Hu KQ, Kyulo NL, Esrailian E, Thompson K, Chase R, et al. (2004) 
Overweight and obesity, hepatic steatosis, and progression of chronic hepatitis 
C: a retrospective study on a large cohort of patients in the United States. J 
Hepatol 40: 147-154. PubMed: 14672626. 

6. Harrison SA, Brunt EM, Qazi R, Oliver DA, Ncuschwandcr-Tctri BA, et al. 
(2005) Effect of significant histologic steatosis or steatohepatitis on response to 
antiviral therapy in patients with chronic hepatitis C. Clin Gastroenterol 
Hepatol 3: 604-609. PubMcd: 15952103. 



PLOS ONE | www.plosone.org 



5 



December 2013 | Volume 8 | Issue 12 | e81312 



PNPLA3 rs738409 and Ultrasonographic Fatty Liver 



7. Moriya K, Yotsuyanagi H, Shintani Y, Fujic H, Ishibashi K, ct al. (1997) 
Hepatitis G vims core protein induees hepatie steatosis in transgenic mice. J Gen 
Virol 78: 1527-1531. PubMcd: 9225025. 

8. Nishina S, Korcnaga M, Hidaka I, Shinozaki A, Sakai A, et al. (2010) Hepatitis 
G virus protein and iron overload induee hepatie steatosis through the unfolded 
protein response in mice. Liver Int 30: 683-692. doi: 10.1 1 1 1 /j. 1478- 
3231.2010.02210.x. PubMed: 20214734. 

9. Miyanari Y, Atsuzawa K, Usuda N, Watashi K, Hishiki T, et al. (2007) The lipid 
droplet is an important organelle for hepatitis C virus production. Nat Cell Biol 
9: 1089-1097. PubMed: 17721513. 

10. Sanyal AJ (2011) NASH: a global health problem. Hepatol Res 41: 670-674. 
doi: 10.1111/j.l872-034X.2011.00824.x. PubMed: 21711426. 

11. Romeo S, Kozlitina J, Xing C, Pcrtscmlidis A, Cox D, ct al. (2008) Genetic 
variation in PNPLA3 confers susceptibility to nonalcoholic fatty liver disease. 
Nat Genet 40: 1461-1465. doi: 10. 1038/ng.257. PubMed: 18820647. 

12. Rotman Y, Koh C, Zmuda JM, Kleiner DE, Liang TJ, ct al. (2010) The 
association of genetic variability in patatin-like phospholipase domain-containing 
protein 3 (PNPLA3) with histological severity of nonalcoholic fatty liver disease. 
Hepatology 52: 894-903. doi: 10.1002/hep.23759. PM1D: 20684021. 

13. Kotronen A, Johansson LE, Johansson LM, Roos C, Westerbaeka J, et al. (2009) 
A common variant in PNPLA3, which encodes adiponutrin, is associated with 
liver fat content in humans. Diabctologia 52: 1056-1060. doi: 10. 1007/s00 125- 
009-1285-z. PubMcd: 19224197. 

14. Romeo S, Sentinelli F, Dash S, Yco GS, Savage DB, et al. (2010) Morbid obesity 
exposes the association between PNPLA3 I148M (rs738409) and indices of 
hepatic injury in individuals of European descent. Int J Obcs (Lond) 34: 190- 
194. doi: 10.1038/ijo.2009.216. PMID: 19844213. 

15. He S, McPhaul C, LiJZ, Garuti R, Kinch L, ct al. (2010) A sequence variation 
(I148M) in PNPLA3 associated with nonalcoholic fatty liver disease disrupts 
triglyceride hydrolysis. J Biol Chem 285: 6706-6715. doi: 10.1074/ 
jbc.M109.064501. PubMed: 20034933. 

16. Wang AP, Migita K, Ito M, Takii Y, Daikoku M, ct al. (2005) Hepatic 
expression of toll-like receptor 4 in primary biliary cirrhosis. J Autoimmun 25: 
85-91. PubMed: 16006099. 

17. Tamura R, Kanda T, Imazeki F, Wu S, Nakamoto S, ct al. (201 1) Hepatitis C 
Virus nonstructural 5A protein inhibits lipopolysaecharidc-mediatcd apoptosis of 
hepatocytcs by decreasing expression of Toll-like receptor 4. J Infect Dis 204: 
793-801. doi: 10.1093/infdis/jir381. PubMcd: 21844306. 

18. Jiang X, Kanda T, Tanaka T, Wu S, Nakamoto S, ct al. (2013) 
Lipopolysaceharide blocks induction of unfolded protein response in human 
hepatoma cell lines. Immunol Lett 152: 8-15. doi: 10.1016/j.imlet.2013.03.006. 
PubMed: 23578665. 

19. Huang H, Shiffman ML, Cheung RC, Laydcn TJ, Friedman S, ct al. (2006) 
Identification of two gene variants associated with risk of advanced fibrosis in 
patients with chronic hepatitis C. Gastroenterology 130: 1679-1687. PubMcd: 
16697732. 

20. Lorcnz E, MiraJP, Frees KL, Schwartz DA (2002) Relevance of mutations in 
the TLR4 receptor in patients with gram-negative septic shock. Arch Intern 
Med 162: 1028-1032. PubMcd: 11996613. 

2 1 . Agncsc DM, Calvano JE, Hahm SJ, Coyle SM, Corbett SA, et al. (2002) Human 
toll-like receptor 4 mutations but not CD 14 polymorphisms arc associated with 
an increased risk of gram-negative infections. J Infect Dis 186: 1522—1525. 
PubMcd: 12404174. 

22. Guo J, Lokc J, Zheng F, Hong F, Yea S, ct al. (2009) Functional linkage of 
cirrhosis-predictive single nucleotide polymorphisms of Toll-like receptor 4 to 
hepatic stellate cell responses. Hepatology 49: 960-968. doi: 10.1002/ 
hep.22697. PubMed: 19085953. 

23. Li Y, Chang M, Abar O, Garcia V, Rowland C, ct al. (2009) Multiple variants in 
toll-like receptor 4 gene modulate risk of liver fibrosis in Caucasians with chronic 
hepatitis C infection. J Hepatol 51: 750-757. doi: 10.1016/j.jhcp.2009.04.027. 
PubMcd: 19586676. 

24. Tanaka Y, Nishida N, Sugiyama M, Kurosaki M, Matsuura K, ct al. (2009) 
Genome-wide association of IL28B with response to pegylatcd intcrfcron-alpha 
and ribavirin therapy for chronic hepatitis C. Nat Genet 41: 1105-1109. doi: 
10.1038/ng.449. PubMcd: 19749757. 

25. Nakamoto S, Kanda T, Imazeki F, Wu S, Arai M, et al. (2011) Simple assay 
based on restriction fragment length polymorphism associated with IL28B in 
chronic hepatitis C patients. ScandJ Gastroenterol 46: 955-961. doi: 10.3109/ 
00365521.2011.574731. PubMed: 21529139. 

26. Tillmann HL, Patcl K, Muir AJ, Guy CD, Li JH, ct al. (201 1) Beneficial IL28B 
genotype associated with lower frequency of hepatic steatosis in patients with 
chronic hepatitis C.J Hepatol 55: 1195-1200. doi: 10. 1016/j.jhep.201 1.03.015. 
PubMcd: 21703198. 

27. Fabns C, Failed E, Cussigh A, Bitetto D, Fontanini E, ct al. (2011) IL-28B 
rsl2979860 C/T allele distribution in patients with liver cirrhosis: role in the 
course of chronic viral hepatitis and the development of HCC. J Hepatol 54: 
716-722. doi: 10.1016/j.jhep.2010.07.019. PubMcd: 21146242. 

28. Hwang SJ, Lee SD (2011) Hepatic steatosis and hepatitis C: Still unhappy 
bcdfellows?J Gastroenterol Hepatol 26 Suppl 1: 96-101. doi: 10.1 1 1 1/j. 1440- 
1746.2010.06542.x. PubMed: 21199519. 

29. Rubbia-Brandt L, Quadri R, Abid K, Giostra E, Male PJ, et al. (2000) 
Hepatocyte steatosis is a cytopathic effect of hepatitis C virus genotype 3. J 
Hepatol 33: 106-115. PubMed: 10905593. 



30. Lcandro G, Mangia A, Hui J, Fabris P, Rubbia-Brandt L, ct al. (2006) 
Relationship between steatosis, inflammation, and fibrosis in chronic hepatitis C: 
a meta-analysis of individual patient data. Gastroenterology 130: 1636-1642. 
PubMcd: 16697727. 

31. Poynard T, Ratziu V, McHutchison J, Manns M, Goodman Z, ct al. (2003) 
Effect of treatment with pegintcrfcron or interferon alfa-2b and ribavirin on 
steatosis in patients infected with hepatitis G. Hepatology 38: 75—85. PubMcd: 
12829989. 

32. Patton HM, Patel K, Behling C, Bylund D, Blatt LM, et al. (2004) The impact of 
steatosis on disease progression and early and sustained treatment response in 
chronic hepatitis C patients. J Hepatol 2004 40: 484-490. PubMcd: 15123364. 

33. Sookoian S, Pirola CJ (201 1) Meta-analysis of the influence of I148M variant of 
patatin-like phospholipase domain containing 3 gene (PNPLA3) on the 
susceptibility and histological severity of nonalcoholic fatty liver disease. 
Hepatology 53: 1883-1894. doi: 10. 1002/hcp.24283. PubMed: 21381068. 

34. Hotta K, Yoneda M, Hyogo H, Ochi H, Mizusawa S, et al. (2010) Association of 
the rs738409 polymorphism in PNPLA3 with liver damage and the development 
of nonalcoholic fatty liver disease. BMC Med Genet 11:172. doi: 10.1 186/1471- 
2350-11-172. PubMcd: 21176169. 

35. Kawaguchi T, Sumida Y, Umcmura A, Matsuo K, Takahashi M, et al. (2012) 
Genetic polymorphisms of the human PNPLA3 gene are strongly associated 
with severity of non-alcoholic fatty liver disease in Japanese. PLoS One 7: 
e38322. doi: 10.1371/journal.pone.0038322. PubMed: 22719876. 

36. Kitamoto T, Kitamoto A, Yoneda M, Hyogo H, Ochi H, et al. (2013) Genome- 
wide scan revealed that polymorphisms in the PNPLA3, SAMM50, and PARVB 
genes are associated with development and progression of nonalcoholic fatty 
liver disease in Japan. Hum Genet 132: 783-792. doi: 10.1007/s00439-013- 
1294-3. PubMcd: 23535911. 

37. Kanda T, Yokosuka O, Suzuki Y (2005) Prolonged hepatitis caused by 
cytomegalovirus and non-alcoholic steatohepatitis in 16-year-old obese boy. Eur 
J Pediatr 164: 212-215. PubMcd: 15682313. 

38. Kanda T, Yokosuka O, Hiraidc A, Kojima H, Honda A, et al. (2005) Prevalence 
of obesity in patients with acute hepatitis; is severe obesity a risk factor for 
fulminant hepatitis in Japan? Hcpatogastroenterology 52: 180-182. PubMcd: 
15783024. 

39. Kanda T, Yokosuka O, Imazeki F, Hirasawa Y, Ikeuchi T, ct al. (2007) Body 
mass index in Japanese patients with autoimmune liver disease: overweight 
patients with primary biliary cirrhosis tend to be asymptomatic. Hcpatogas- 
troenterology 54: 1758-1760. PubMcd: 18019712. 

40. Valenti L, Rumi M, Galmozzi E, Aghemo A, Del Menico B, et al. (2011) 
Patatin-like phospholipase domain-containing 3 I148M polymorphism, steatosis, 
and liver damage in chronic hepatitis G. Hepatology 53: 791—799. doi: 10. 1002/ 
hcp.24123. PubMcd: 21319195. 

41. Trcpo E, Pradat P, Potthoff A, Momozawa Y, Qucrtinmont E, ct al. (2011) 
Impact of patatin-like phospholipase-3 (rs738409 OG) polymorphism on 
fibrosis progression and steatosis in chronic hepatitis C. Hepatology 54: 60-69. 
doi: 10.1002/hep.24350. PubMed: 21488075. 

42. Kanayama Y, Kamiyama N, Maruyama K, Sumino Y (2013) Real-time 
ultrasound attenuation imaging of diffuse fatty liver disease. Ultrasound Med 
Biol 39: 692-705. doi: 10. 1 016/j.ultrasmedbio.201 2. 10.02 1 . PubMed: 
23415286. 

43. Kondo F, Ebara M, Sugiura N, Wada K, Kita K, ct al. (1990) Histological 
features and clinical course of large regenerative nodules: evaluation of their 
precancerous potentiality. Hepatology 12(3 Pt 1): 592-598. PMID: 1698171. 

44. Gaia S, Carcnzi S, Barilli AL, Bugianesi E, Smcdilc A, ct al. (201 1) Reliability of 
transient cystography lor the detection of fibrosis in non-alcoholic fatty liver 
disease and chronic viral hepatitis. J Hepatol 54: 64-71. doi: 10.1016/ 
j.jhep.2010.06.022. PubMcd: 20932598. 

45. Brent EM (2004) Nonalcoholic steatohepatitis. Scmin Liver Dis 24: 3-20. 
PubMcd: 15085483. 

46. Yoshioka Y, Hashimoto E, Yatsuji S, Kaneda H, Taniai M, et al. (2004) 
Nonalcoholic steatohepatitis: cirrhosis, hepatocellular carcinoma, and burn-out 
NASH. J Gastroenterol 39: 1215-1218. PubMed: 15622489. 

47. Tanaka T, Tsukiyama-Kohara K, Yamaguchi K, Yagi S, Tanaka S, ct al. (1994) 
Significance of specific antibody assay for genotyping of hepatitis C virus. 
Hepatology 19: 1347-1353. PMID: 7514558. 

48. Kanda T, Imazeki F, Yokosuka O (2010) New antiviral therapies for chronic 
hepatitis C. Hepatol Int 4: 548-561. Doi: 10. 1 007/s 1 2072-0 1 0-9 1 93-3. 
PubMed: 21063477. 

49. Wu S, Kanda T, Nakamoto S, Jiang X, Miyamura T, et al. (2013) Prevalence of 
hepatitis C virus subgenotypes la and lb in Japanese patients: ultra-deep 
sequencing analysis of HCV NS5B genotype-specific region. PLoS One 8: 
c73615. doi:10.1371/journal.pone.0073615. PubMed: 24069214. 

50. Simmonds P, Bukh J, Combct C, Dcleagc G, Enomoto N, ct al. (2005) 
Consensus proposals for a unified system of nomenclature of hepatitis C virus 
genotypes. Hepatology 42: 962-793'. PubMed: 16149085. 

51. Miyamura T, Kanda T, Nakamoto S, Wu S, Fujiwara K, et al. (201 1) Hepatic 
STATl-nuclear translocation and interlcukin 28B polymorphisms predict 
treatment outcomes in hepatitis G virus genotype 1 -infected patients. PLoS 
One 6: e28617. doi: 10.1371/journal.pone.0028617. PMID: 22174846. 

52. Miyamura T, Kanda T, Nakamoto S, Wu S, Jiang X, ct al. (2012) Roles of 
ITPA and IL28B genotypes in chronic hepatitis G patients treated with 
peginterferon plus ribavirin. Viruses 4: 1264-1278. PMID: 23012624. 



PLOS ONE | www.plosone.org 



6 



December 2013 | Volume 8 | Issue 12 | e81312 



PNPLA3 rs738409 and Ultrasonographic Fatty Liver 

53. NakamuraM, Kanda T, Miyamura T, Wu S, Nakamoto S, etal. (2013) Alanine ribavirin treatment. Int J Med Sci 10: 1015-1021. doi: 10.7150/ijms.6402. 

aminotransferase elevation during peginterleron alpha-2a or alpha-2b plus PMID: 23801888. 



PLOS ONE | www.plosone.org 



7 



December 2013 | Volume 8 | Issue 12 | e81312 



